Effects of local anesthetics on the passive permeability of sarcoplasmic reticulum vesicles to Ca2+ and Mg2+.
Sarcoplasmic reticulum vesicles are used here as model membrane system to question the hypothesis of enhancement of permeability of cations by anesthetics, particularly that of Ca2+ and of Mg2+. The effects of dibucaine (up to 800 microM), tetracaine (up to 2 mM), lidocaine (up to 10 mM) and procaine (up to 10 mM) on the permeability of these membranes to Ca2+ and Mg2+ have been measured. We have used an experimental approach based on the light scattering method (Kometani, T. and Kasai, M. (1978) J. Membrane Biol. 41, 295-308). It has been found that all the local anesthetics cited above markedly increase the permeability of sarcoplasmic reticulum vesicles to Mg2+ and, in the concentration range tested herein, only dibucaine and tetracaine increase the permeability to Ca2+. The kinetic analysis of the time dependence of the light-scattering data after the osmotic shock shows that, in the absence of local anesthetics, the Mg2+ influx can be described as proceeding through a unique type of channel. However, Ca2+ influx appears to involve two channel of different kinetic properties. Because the relative fraction of both types of Ca2+ channel is similar to the average ratio between light and heavy vesicles in unfractionated sarcoplasmic reticulum, we suggest that each type of channel can be preferentially located in one of these fractions. The determined rate constants for Ca2+ permeability through both types of channel are 0.77 +/- 0.08 min-1 (fast channels) and 0.025 +/- 0.005 min-1 (slow channels) and that for Mg2+ is 0.08 +/- 0.02 min-1. These results agree with data obtained by other groups using different experimental approaches. Dibucaine and tetracaine significantly alter the rate of Mg2+ and Ca2+ influx through the slow channels. In addition, these two local anesthetics also produce the effect that the Mg2+ influx cannot be described with only one exponential process, thus suggesting a differential effect on vesicles of different density. The increase of Ca2+ and Mg2+ permeability by dibucaine and by tetracaine is found at concentrations of these drugs that do not produce a noticeable inhibition of the (Ca2+ + Mg2+)-ATPase activity of sarcoplasmic reticulum vesicles.